Introduction: After multiple-ligament injuries and dislocations of the knee, clinical assessment of the soft tissues is difficult and MRI is generally performed. Hypothesis: MRI is a reliable examination, providing a precise and reproducible assessment of soft-tissue lesions after multiple-ligament injuries or dislocations of the knee. Materials and methods: Forty patients presenting multiple-ligament lesions of the knee were included in this multicenter prospective study. All had an MRI of the knee in the 48 h following their accident. Thirty-four patients were treated surgically. A 17-item standardized 306 O. Barbier et al.
Introduction
Multiple-ligament injuries and dislocations of the knee are rare and their management difficult [1, 2] because of the associated ligamentous, neurological [3] , and vascular lesions [4] . A precise diagnosis of tissue and ligament lesions is essential to planning treatment. The clinical examination as well as the standard and stress X-rays help make the diagnosis, but magnetic resonance imaging (MRI) is usually performed. The objective of MRI is to provide a positive and topographically precise diagnosis [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] of the capsuloligamentous, meniscal, and cartilaginous lesions and to orient patient management by showing lesions that neither clinical examination or X-rays can demonstrate.
The objective of this study was to assess the relevance and reproducibility of intra-and interobserver reproducibility of MRI in the lesional and topographical diagnosis during the original assessment after dislocation of the knee.
We hypothesized that MRI provided a precise and reproducible diagnosis of the soft-tissue lesions, specifying the location and type of lesion so as to orient surgical treatment.
Material and methods

Material
Within a national prospective study on the emergency treatment of multiple-ligament lesions and dislocations of the knee conducted by the Société française de chirurgie orthopédique et de traumatologie (French Society of Orthopaedic Surgery and Traumatology) in 2008, more than 70 patients from 12 traumatology and orthopaedic centers in France were included [1] [2] [3] [4] . The patients underwent a clinical examination under general anesthetia, stress X-ray imaging, and an MRI of the knee. Of these 70 patients, 40 files were included. To be included, the files had to contain a complete clinical examination following preestablished criteria, stress X-rays, a detailed surgical report for those undergoing surgery, and an MRI on a CD with T1and T2-weighted sequences with and without gadolinium in the three spatial planes (Table 1) . Of these patients, 34 underwent surgery and the intraoperative observations were collected on the same grid as for the MRI interpretation. 
Method
The study included two single-blinded interpretation sessions of the 40 MRIs. The orthopaedic surgeons had no knowledge of the clinical exam data, the surgical observations, or the MRI analysis by the team that had treated the patient. Each MRI was interpreted based on the CD images on a personal computer. Eleven surgeons participated in the study. Five surgeons with variable experience (one resident, three senior surgeons, and one clinical fellow) participated in the intraobserver study. They individually interpreted the 40 MRIs in a random order on two occasions 3 weeks apart. Six other surgeons distributed into three pairs, each composed of a senior surgeon and a clinical fellow, were included in the interobserver study. They interpreted the 40 MRIs in pairs during a single session; the objective was that each pair arrive at a consensus. A radiologist specialized in osteoarticular imaging also interpreted these MRIs individually during a single session. The data were noted on a form for automatic processing with Data Scan software (Neoptec, Montpellier, France) and then transferred to an Excel file (Microsoft Corporation, Redmond, WA, USA). Agreement was measured using the Kappa coefficient: agreement was poor when Kappa was less than 0.2, low when between 0.2 and 0.4, moderate between 0.4 and 0.6, good between 0.6 and 0.8, and very good above 0.8.
The intraobserver study compared the results of the two interpretations of the 40 patients by the same surgeon and the interobserver study compared the results between the three pairs of these 40 medical files. Their interpretations were compared to the radiologist's results and the clinical data. Three levels of MRI analysis were used:
• detailed level: the anterior and posterior cruciate ligaments, the medial and lateral collateral ligaments, the iliotibial band, the medial patellofemoral ligament, the quadriceps tendon, the patellar tendon, the biceps femoris tendon, the hamstring tendons, and the superior tibiofibular ligament, with eight types of lesion (normal; continuous but infiltrated, femoral avulsion, tibial avulsion; partial tear; complete tear but in continuity; complete tear with gap; not interpretable). The popliteus muscle, the posteromedial corner, and the posterolateral corner were described in three types of lesion (proximal avulsion, distal avulsion, not interpretable). The meniscal lesions were described as present or absent; • simplified level: with three types of lesion possible:
intact, complete tear, partial tear; • binary level: with two types of lesion (torn or normal).
The agreement between the radiologist's and surgeons' MRI interpretation and the surgical data was studied in 34 operated patients' files using the binary level.
Results
Intraobserver agreement of the interpretation of the 40 files with a detailed level of analysis ( Table 2 ) was low for the ligament lesions for surgeons 1, 3, 4, and 5 and moderate for surgeon 2. For the meniscus lesions, intraobserver agreement was poor or moderate. The surgeon's experience did not influence the results, as shown by the low variability of the mean Kappa coefficients between surgeons.
Intraobserver agreement was improved with the simplified and binary levels of analysis (Table 3) but was also moderate. The agreement between the MRI interpretations by the surgeons in the intraobserver study and the surgical data of the 34 patients operated (Table 4 ) was low. Finally, there was no improvement in the agreement with the surgical observations between the first and second readings ( Table 4 ).
The interobserver agreement with the detailed level of analysis (Table 5 ) was low or poor. With the simplified and binary levels of analysis, the interobserver agreement was improved to moderate ( Table 6 ). The agreement between the MRI interpretations by the pairs or surgeons and the surgical data of the 34 patients operated ( Table 4 ) was low or poor.
With the binary level of discernment, the agreement between the radiologist's and the surgeons' results for the two studies was low and the agreement between the results of the MRI readings by the radiologist with the surgical data was low (Table 7 ).
Discussion
The objective of this study was to evaluate the precision and reproducibility of the interpretation of MRIs after multiple-ligament injury or dislocation of the knee. MRI should provide the clinician with a tool to diagnose the lesion and describe the topography of capsuloligamentous and meniscal lesions so as to adapt the treatment, both in terms of the indication for either surgical or orthopaedic treatment and the approach and medical acts necessary [1, 3, 4] . Patient questioning, clinical examination, and the standard and stress X-rays all contribute to understanding the lesional mechanism and to deducing the structures involved [2] , but precise visualization of the lesions requires the addition of MRI. Currently, the precision of MRI diagnosis concerning single-ligament lesions of the knee raises little debate [17] [18] [19] [20] . However, in multiple-ligament lesions of the knee, the MRI results are controversial. The present results show intraobserver agreement to be low when the level of analysis is detailed. This study is the only one in the literature to compare surgical data to MRI readings by surgeons and to assess intra-and interobserver reproducibility. In the intraobserver study, the 3-week interval between two interpretations was chosen to be sufficiently long so that the observers would not remember the results and short enough so that the analysis conditions would be identical and the expertise of the readers would not have progressed. We showed that the results are independent of the surgeons' experience.
Interobserver agreement was also low. To limit the reading bias related to the surgeons' experience, the images were interpreted by the surgeons in pairs, associating experienced and less experienced surgeons. This was closer to actual clinical situations. The explanation for this low interobserver agreement was that either each pair interpreted the same form differently or that the pair interpreted the same MRI lesion differently. In addition, the agreement between the interpretations of the 11 surgeons, those of the radiologist, and the surgical observations was low, and the radiologist did not obtain the best results.
MRI therefore remains an imperfect technique to assess soft-tissue lesions of the knee after multiple-ligament injury. However, the MRI interpretation has greater reproducibility when the analysis level is low: MRI can thus diagnose, with good reproducibility, whether or not the ligament is torn but cannot reliably describe the type of involvement. The studies reported in the literature investigating the sensitivity and specificity of MRI using a simpler level of analysis had better results. In a retrospective study on 21 cases comparing surgical data and MRI after knee dislocation, Potter et al. [16] showed an excellent correlation (Kappa > 0.8) for the size and location of the lesions. For Lonner et al. [21] , in a retrospective study of ten cases, MRI was useful to determine the presence of ligament lesions in knee dislocations, but the clinical examination under anesthesia was more precise. For Munshi et al. [6] , in a prospective double-blind study comparing MRI data with arthroscopy data, the sensitivity and specificity of MRI in acute knee injuries were, respectively, 90% and 67% in detecting ACL tear, 50% and 86% in detecting medial meniscal lesions, and 88% and 73% for the lateral meniscus. In a retrospective study of 44 cases, Halinen et al. [7] had equivalent results. In a prospective study on multiple-ligament lesions conducted by Rubin et al. [8] , MRI specificity and sensitivity for the diagnosis of ligament and meniscus tears was lower. The place of MRI in the positive diagnosis of a ligament tear is therefore correct but its contribution to precisely describing the location and type of lesion (complete tear, dilaceration) and therefore guide treatment is debatable. Several authors [6, 15] have concluded that MRI lacks sensitivity and specificity for surgical planning and guiding the surgery. Finally, although certain structures seem more reproducible in their analysis such as the anterior and posterior cruciate ligaments and the meniscus, involvement of structures such as the posterolateral corner is more difficult to analyze.
In conclusion, this study underscores the lack of reproducibility of MRI interpretation. It is essential that MRI be integrated into a complete assessment associating clinical examination and stress X-rays because only a complete workup can provide a precise evaluation of the lesions and their location and thus guide treatment.
